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1. INTRODUCTION:

With greater national interest in reduced defense speni.ing, the FEMA
dollar will become more difficult to obtain. Therefore, emphasis must

be placed on fully justifying new systems or equipment from the cost
standpoint.

The purpose of a Life Cycle Cost (LCC) Analysis is to provide a tool for
the engineer, manager, or decision maker to use in making correct deci-
sions concerning the introduction of new systems or equipment.

A most important point to recognize is that the outcome of the analysis
is greatly influenced by the assumptions made, since these assumptions

constitute the major portion of the inputs to the LCC model which computes
the costs,

Recent experience in €esforming LCC analysis has shown that the LCC models
generated by Magnavox 1) as part of the Tactical Radio Cormmunication System
Concept Study and by the ECOM Comptroller(z) -rere not ideally suited for
doing an LCC analysis on conceptual single channel tactical radio systems
or equipment.. The primary reason for this is that some cost element com-
putations were based on present day maintenance and technological concepts
and did not properly take into account proposed and cchievable advancements
in the state of the art and changes in the Aimy's mairntenance philosophies.
(For instance - the Maganvox model uses a flat rate per failure instead of
a different rate for different types of failures; the ECOM model uses a
fixed percentage for initial spares and repair parts instead of basing the
cost on computed failures IAW TM 38-750-1.)

Since October 1972 two LCC analyses(3’h) have been conducted by Comm/ADP
Laboratory on this type nt equipment using a prototype consisting of partis
of both the Magnavox and ECOM models. Experience obtained frum doing these
analyses has shown the weaknesses of each model and, in some cases, two
different methods of computing the same cost element.

1. Magnavox, "Tactical Radio Communication System Concept Study", Final
Report, Volume IV, ECOM-0068-6,. 30 June 1972.

2. US Army Flectronics Command, "Army Programs Cost Estimating Guide",
ECOMP 11-L, Volume 7, 12 June 1%72. )

3. US Army Electronics Command, "Tactical Radio Communications Systenm
Concept Study", Final Report, 8 December 1972,

L. US Arm Electronics Comnand, "Life Cycle Cost Comparison for the

COMSEC Implementation of the VHF-FM Subtsystem of the Tactical Radio Com-
munication Systems", AMSEL-NL-D, 13 November 1973.



The purpose of this paper is to present the details of a better defined
and automated LCC model suited for conceptual or real single channel
tactieal radio systems or equipment. The model will provide the user
with options to select the best method as it relates to the assumptions

" for computing some of the cost categories. With few or no modifications
the model may also be used to study other systems or equipment.

The model was applied in the Communications/Automatic Data Processing
Laboratory's support to the Single Channel Ground Airborne Radio System
(SINCGARS) Special Task Force in that all the Life Cycle Cost data
provided to the task force was generated by the 1CC model described

in this paper.

™is work was done under the Tactical Radio Communication System (TRCS)
project, 157 62701 AH$2.

2, GENERAL,

Life Cycle Cost as definuu bty 4ix 37-18 consists of total appropriations
for the entire breakdown structure for all cost categories. These cost
categories are Research and Davelogment (R&D), Investment Nonrecurring,
.nvestment Recurring, and Operating Costs.

a, R&D - This category includes those costs resulting from
applied researcr, engineering design, analysis, development, and testing.
The effort from which these costs derive usuzlly occurs within Explora-
tory Development, Advanced Development, and Engineering Development.

b. Investment Nonrecurring - This catagory contains those cost
elements which generilly occur only once in the production cycle of the
systam or equipment,

c. Investment Recurring - This category contains those cost
elements which occur reneatedly in the production of the system or
equipment. It includes the costs incurred in delivery of the system
or equipment to the user,

d. Operating Costs - This category includes those direct costs
resulting irom the operation, maintenance, and consumption of materials
and supplies for the system or equipment aftar a:ceptance into the
Army inventory.

Each cost category is broken down into cost elaments, ana each element
in¢iudus both subcategoriss of contract and in-house. The cost elament
of each category will be discussed in detail,

Appendlx A 1lists the cost cutegories and each of their elements. Appen-
dix B gives the complete LCC mathematical model. Appendix C lists the
inputs (assumptions) necessarv for the model. Appencix D discusses the
learning curve, Appendix E ditcusses the maintenance float requirements
problem and, Apperidix F shows -ample outputs of the LCC model.

2
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3. COST CATEGORIES.

a. Research and Development - Since the system or equipment under
consideration is usually conceptual and is planned for initial operational
capability (IOC) far in the future (10 years or more) it may be difficult
to provide a definite breakdown into the cost elements listed in AR 37-18.
Considering further, that R&D costs of radio systems have been shown to
constitute only 3-5% of the PEMA investment (by contrast, this figure is
10-20% for other weapons systems such as TOW, UTTAS or Dragon) and less
than 2% of the ILCC, it is of lit{le value to burden the estimater and
the manager with minute ditails, It is quite sufficient to make a
parameter cost estimate for this category, based on previous simiiar

development experiences. The model will consider all R&D elements as
lump sum inputs.

(1) Engineering - This effort includes the study, analysis, design
development, evaluation and redesign cf the item being developed and it
also includes all effort in the preparation of specifications, drawings,

and the determinaticn of reliability, availability, and maintainability
requirements,

(2) Prototype Fabrication - This element includes all the con-

struction and fabrication costs of models fabricated for test, acceptance
or delivesy.

(3) System Tes: and Evaluvation - This element includes the ccst
for planning, conducting and support of all testing and the cost of spe-
cial test equipment and consumable items used in the conduct of the test.

(L) Data - This element includes the handling and publishing
cost of drawings, specifications, reports, technical manuals and engin-
eering plans but does not include the engineering effort necessary to
formulate these documents since this cost is covered under ovther slements.

(5) To.al Systems Management - Ihis elament wculd appear only on
hose effort. which are large and complex enough to warrent the overseeing
and integrating of th: engineering effort. The cost of an operating

Project Manager‘'s office is included in this element if one is established
during the R&D phuse,

(6) Training - This element includes all effort associated with
the design and fabrication of training equipment and the cost of trainiag
personnel to run the engineering tests.

(7) Producibility Ergineering and Flanning (PEP) - This element
includes the cost assoclated with any task undertaken to assure produc-
ibility of material prior to quantity procurement and includes cdeveloping
technical data packages, designing special purpose production equipment
and tooling, and compater modeling/si{mlation of the production process.

5. Morgan, E.J., "An Analysiz of the Tactical Radio Corrmunications
System (TRCS)", Jan 73, report prepares for OCRD, DA, under Task Order
72-LL3, Battelle Columbus Laboratories, Durham Operations.
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Production engineering measures previously defired under Advance

Production Engineering (APE), which are principally software oriented,
¢1e now in PEP,

b. ... estment Nonrecurring - All of 1ne costs incurred in this
category have to based on past experience and/ur best enzineering judgment.
The model is designed to accept lump sums for each-cf the included elements.

(1) Initial Producticn Facilities Effort (IPF) -~ This effort
includes the cost of the hard tooling and the production line setup neces-
sary to support initial low rate production. The IPF is the production
hardware oriented portion of the former Advance Production Engineering
(APE). Like the Producibility Engineering and Planning (PEP), the cost
should be based or past experience.

(2) Data - This element consists of the initial handling of
technical data and preparation of manuals, including the effort required
to prepare and publish initial technical orders, technical ma:uails, etc.
Information for computing this element can be found in ECOMP 11-L, Vol. 7.

(3) Tooling - This element inciudes the planning, engineering,
design, fabrication, assembly and installation of tools and test equipment
in support of manufacturing the item, These costs should be based on
costs incurred on previous contracts or proposals for similar items, and
an engineering estimate of the relative amount and complexity of the
required tooling.

(4) 1Instructor Training - This element involves the training of
service instructors for a specific system and is usually done by the con-
tractor. The training of instructor personnel for the operation of single
channel tactical equipment may not be necessary but with the added compliex-
ity of the new equipment, the training of instructors for the maintenance
portion must be considered vital and necessary.

(5) Total Systems Management - This element includes the tech-
nical and administrative effort performed by the Project Manager and the
prime contractors which is related to the total system during the invest-
ment nonrecurring phase and which cannot be identified with a specific
component of the system. Most often no information is available on any
prior contractual efforts in this area, and therefore only the cost related
to running a PM office can L:> considered. In considering some systems the
cost may be large encugh to warrant a separate PM and be declared a major
system as outlined in AR 1000-1; otherwise, the PM cost will be a prorated
one based on judgment. Information 15 availabla from the ECOM comptroller
on operating couts ror various sizes of PM offices,

c. Jinvestment Hecurring - The major cost element of this category
is the procurement cost of the hardware. The "Learning Curve" technique
will be used on computirg three of the elements in this category and use
of it is covered in appendix U of this report and in ECOMP 11-L, Vol. 3.

£
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(1) Hardware Costs - AR 37-18 defines this as total expenditures
necessary to produce the primary and csccondary mission equipment, For
this LCC model, primary mission equipment is considered the end item
(receiver, transmitter, transceiver, etc) and ary major suppurting
components (mounts, antennas, etc.). The batteries or gencrators
needed to power the equipment are considered the secondery mission
equipment. Best engineering judgment, past experience and a complete
component breakdown 1f available should be used to determine the cost
per first N unite, (Note - if the quantity bought is based on the Aray
Acquisition Objective (AAO) which includes Basis of Issue (BOI) needs,
equipment float needs and attrition, then attrition and initial cpares
costs would be included in the hardware cost element and would nu% be
calculated aeparately.)

(2) Attrition - This element includes the cost of replacing those
end items that are anhually destroyed or lost from all causes., The
attrition rate is a certain percentage of the number of sets deployed
and should be based on past experience. (Note - see paragraph 3c(l)
since this cost might already be included In the Hardware Cost.)

(3) Initial Spares and Repair Parts - This element covers the
initial supply of spare units (float), repair parts, and hatteries neces-
sary 4. fill the planned pipeline. When the Mean-Time-Between-Failures
(MTBF) is not a significant factor in the comparison of alternative
choices, a percentage method ran be usad to compute this element. The
factor to use for initial provisioning can be found in ECOM 1l-L, Vol. 7.
Another method breaks this element into three sub-elements and computes
each separately. The initial spares cost of this method is based on an
equipment availability cogaga.nt and computing method discussed in T™
38-715-1 and by Magnavox +:°, .

(L) Support Equipment - This element includes the cost of any

comman and/or pe est equipment necessary to support the equipment/
system in the field.

(5) Auwxcili t - This elament includes the cost of any
governmen she pment (GFE) necessary to make the equipment/
syster a complete set before issue, Items such as headsets, mikes,
handsets, pack{rames, etc. are usually GFE items,

(6) Pirst Destination Transportation - This element includes the
cost of transporting the procured items fram the point of procurement
or production to the first destination uader Army contract. It is
estimated in BOOMP 1l-4, Vol. 7 to be 1.5% of the hardware cost.

(7) Initial Tra.ning - This element usually includes the tralning
conducted by ocontractors, Army training centers, searvice schools, and
training veams for *he initial crews and Miract maintenance personnel
required to introduce the system or equipment into tlie inventory.

6, Magnavox, ™/ltra-Reliable VHF-FM Receivar-Transmitter, Life Cycle
Cost of Owrorship Study and Reliability and Mairtairability Study”,
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Because the equipment considered by this LOC model is usually repiacing
similar existing equipment or systems, most of the initisl training will
consist of limited field retraining of personnel (mechanics and operators)
by a newv equipment training (NET) team. Costs for these teams can be
obtained {'rom the Maintenance Directorate.

(8) Engineering Changes - This element includés the estimated cost
of any engineering changes that might be done on the equipment during

its life cycle. It is usually calculated as a percentage of the total
end item cost.

(9) System Test and Evaluation - (Same as 3{a)(3)).

(10) Total Systems Management - This cost element is the same type
of cost incurred under the Total Systems Management element in the
Investment Nonrecurring category. Either the total amount or a prorsated
portion of the Project Manager's cost should be used.

d. Operating Costs - This category assumes that no civilian labor
vill be present in the operation and maintenance personnel elements even
though it is possible that during peacetime there will be some direct
cupport and general support maintenance parformed by civilians at fixed
installations. Civilian labor costs at depot are accounted for in the
depot overhaul ccst elament and in the average maintenance man-hour costs.

(1) Personnel, Pay and Allovances This element includes the cost
of the crev and maintenance personnel < _rectly associated vith the equip-
ment or system. It iould be determined vhether or not an operator is
required for the equ.pment or if the equipment is incidental to the
operater's mission. (A VHP-PM manpack radio would be considered inciden-
tal to the operator's mission, while a HF RATT sot mounted in a shelter
vculd not.) The latter is most cften the case for single channel tactical
radios; therefore, the pay and allowances for operators would not be con-
sidered. Salary levels for the required grade levels should be obtained
from the latest DOD listing (ivailable from Comptroller). Cost for the
saintenance personnel i{s based on the annual maintenance man hours re-

quired and the cost per active maintenance man hour, vhich is found in
BOOMP 11-k, Vol 7.

(2) Personnel Replacement Training - This elemert covers the cost
of training an operator or maintenance person to replace personnel pre-
viously truined as needed. Cost of the MOS courses and appropriate turn-
over rates can be found in BCOMP 11-L, Vol T.

(3) Consumption - This element consists of the costs of material
end utilities consumed or expended in direct operation of the equipment.
There are tvo methods c'm?lable for camputing this element.
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The first approach is to estimate the ccnsumption as a percentage of

the unit hardware cost similar to the percentage method of computing

the initial provi_ioning. The specific percentage may bs based on

the judgment of the responsible project engineer. (Typically, past

ECOM studies have shown it to be between 5 to 20 percent depending

upon the ﬁomplexity of the equipment. Fxperience in previous ICC
studies3>4 has shown the factor for single channel tactical radio
equipment to be batween 5 to 10 percent per annum.) The second apprcach

is to consider battery and repair cor.sumption .separately using predicted
hours of operation and an MTBF to compute the cost element.

(L) Integrated Logistics Support - This element includes the cost
attributable to inventory management and stockage of all the major and
minor items of supply for the equipment. This element cost includes
the introduction, first year costs, and recurring costs of inventory
management and the costs of stockage of the end item, initial spares
and repair parts and consumption material, ECOMP 11-4, Vol 7 gives
estimating guidance for the introduction, first year and recurring
costs. The stockage costs are based on a percentage of the hardware
cost, initial provisioning, and consumption costs and these percentages
can be obtained from the Cost Analysis Division, Comptroller,

(5) Depot Overhaul - This element covers the cost associated
with equipment overhaul estimated as an annual cost for each piece of
equipment fielded. It includes labor, materials. and the cost of
transporting the equipment to the depot and returaing it to operational
status. For the type of equipment considered by this LCC model, the
oveihaul cost is zero, as end items are seldom put on a depct assembly
line for overhaul. An exception is the return of an item from several
years in the field to be resold under the military assista.ace progranm

(MAP). However, the depot does overhaul modules and this is considered
in the repair costs,

(6) Transeo_rtatiog_ - This element includes the cost of shipping
the equipment to depot for overhaul,
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APPENDIX A

COST CATEGORIES AND ELEMENTS AND WORK BREAKDOWN STRUCTURE

1. The following is a concensed list of the cost categories and elements
used in the Life Cycle Cost Model.

: a. Kesearch and Development

(1) Engineering

(2) . Prototype Fabrication

(3) System Test and Evaluation

(4) Data

(5) Total Systems Management

(6) Training

(7) Producibility Bngineering and Planning
b. Investment Nonrecurring

(1) Initial Production Facilities Bffort

(2) Data

(3) Tooling

(4) Instructor Training

(5) Total Systems Management
2. Investment Recurring

(1) Hardvare Cost

(2) astrition

(3) 1Initial Spares srnd Repair Parts

(4) Support Bquipment

(5) aAuxiliary Bquipment

(6) rirst Destination Transportation

(7) Initial Training

(8) Bngineering Changes
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(9) system Test and Evaluation

(10) Tota1 Systems Management
Operating

(1) Personnel, Pay and Allowances

(2) Personnel, Replacement Training

(3)
(&)
(5)
(6)

Consumption
Integrated Logistics Support
Depot Overhaul

Transportation

pPlace in the Work Breakdown Structure.
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the cost categories and elements in
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APPENDIX B

LCC MODEL

This appendix discusses the LCC model for each cost category. Each
component, element and category is given a varlable name. Discussion

] of the learning curve is found in Appendix D. This curve reflects the
k- . price/cost reductions that can be expected from large quantity buys of
equipment as a result of increased efficiency (learning) by a producer,

E awA

and of competition between producers.

For simplification all dollar values should be given in constant FY
dollars of the same year in which the analysis is being done.

a. Research and Development - Research and Development Total Cost
(3RDTOT) as shown in equation (1) is the sum of the engineering ($RDE),
prototype fabrication ($RDPF), system test and evaluation ($RDSTE), data
(3RDDAT), total systems management ($RDTSM), training ($RDT) and pro-
ducibility engineering and planning ($RDPED). The training cost is the
E sum of the cost paid to the contractor ($RDTC) and the ccst incurred by
: the government (call in house) for salaries, TDY, etc. for personnel
: receiving the training ($RDTH). The prototype fabrication cost ($RDPF)
is the sum of the cost for the major equipments ($RDPFE) and the cost
of the DT/CT spares ($RDPFS). The system test and evaluation cost ($RDSTE)
is the sum of the cost paid to the contractor tc assist in the test
(RDSTC), the cost incurred by the government for engineer support (RSTIR)

: which comes from RDT&E funds and the cost paid from OMA funds for troop
! support (RDSTIO).

T e M

$RDTOT = $RDE + $RDPF + $IDSTE + $RDDAT + $RDTSM + $RDT + $RDPEP (1)
é All cost elements are considered as lump sum inputs to the model.

b, Investment Nonrecurring - The total Investment Nonrecurring Cost
($INTOT) as shown in equation () is the sum of the initial production
facilities ($INIPF), data ($INDAT), tooling ($INTOL), instructor training
($INITR), and total systems management ($INTSM) costs. The instructor
. : training is the sum of costs paid to the contractor ($ITRC) and the cost
] ‘ incurred by the government for salaries, TDY, etc. ($ITRM) of personnel
E receiving the training,

5 NTOT = $INIPF + $INDAT + $INTOL + INITR + $INTSM (2)
All costs elements are considered as lump sum inputs to the model.

B S c. Investment Recurring - The total Investment Recurring Cost

; : ($IRTOT) as shown in equation (3) is the sum of the hardware cost ($HC),
attrition (8ATC), initial spares and repair parts ($ISRPC), support equip-
ment ($SE), auxiliary items ($AUX), first destination transportation
($FNC), initial training ($ITNET), engineering changes ($EC), system tect
] and evaluation ($RSTE), and total systems management ($IRTSMS.
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$IRTOT = $HC + $ATC + $ISRPC + $SE + $AUX + $FDC + $ITNET +
$EC + $RSTE + $IRTSM (3)

(1) Hardware Cost - The hardware cost is the sum of the primary
and secondary mission equipment costs which include the total unit cost
($TUC), major supporting components cost ($MSC), and the battery (power)
costs ($BTYC) as shown in equation (4).

() Total Unit Cost - The total unit cost, equation (5), is tho
product of the quantity of equipment bought (QB) to satisfy the objective
and the average unit cost (AUC), where the AUC, equation (6), is equal to
the groduct of the cost of the first unit (A) and the cwmlative average
factor (CAF), Computation of cumulative average factors, exponent. of the
learning curve, and average unit costs are discussed in detail in Appendix
D. If trn second option is used to compute the initial spares and repair
parts, the AUC is computed from a CAF based on the QB and the quantity of
units required to satisfy the float (see (2)(a)).

$HC = $TUC + $MSC + $BYTC (W)
$TUC = QB x AUC (5)

AUC = C$U x CAF/CAF (6}

Q
Where Q is the number of sets that CPU is based on.

(b) Battery Costs - The battery cost, equation (7), is the cost
associated with providing the necessary batteries to equip all the manpack
sets which are deployed. It is the product of the quantity of manpack
?et§ bought (QBM), cost per battery (C$B, and percentage of sets deployed

PD L]

$BTYC = QBM x C$B x PD )

(2) Attrition - The cost, equation (8), due to attrition ($ATC)
is based on an attrition rate per year (ATR), the number of years of ser-
vice for the equipment (NRYS), and the average unit cost. The CAF used
to compute the AUC is calculated by considering the number of units needed
to satisfy the attrition requirements as an add on lot requirement to the
hardware units (QB + UFA). This means the CAF is computed using the first
unit of the lot as a = QB + UFA + 1 and the last unit of the lot being
b = a + RSA, The total number of sets lost due to attrition (RSA) is
given by equation (9).

$ATC = RSA x AUC (8)

where R3n = QB x PD x ATR x NRYS (9)

12
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(3) Initial Spares and Repair Parts - There are two options
available for computing the initial spares and repair parts cost. The
first method, equatior (10), is the result of the product of the initial
provisioning factor (PFI) and the hardware cost.

$ISRPC = PFI x $HC (10)

(a) Tnitial Spare Equipment - The initial spare equipment cost
($ISE), equation (13), is the product of the units of equipment (float),
to assure availability a given percentage of the time (UFA), equation (12),
and the average unit cost (AUC). The UFA is dependent upon the average
units failed (AUF) and the equipment availability constant (EAC). The
equipment availability constant is

AVATLABILITY _EAC_
75% 57
85% 1.04
95% 1.65
99.C% 2.33

where most analyses use the EAC for 85% when considering electronic equip-
ment. The average unit failure is dependent on the hours of operation per
day/wartime (HOW) period (days) required to setup the supply pipeline to
the direct supnort level, or the lowest level where floats would be
stocked, at onset of a wartime emergency {(PSl), the quantity of sets de-
ployed, and the MTBF, equation (11). .

AUF = HOW x PS1 x UB x PD/MTBF (11)
UFA = AUF + EAC VAT (12)
$ISE = UFA x AUC (13)

(b) Initial Spare Batteries - The initial stock of batteries,
equation (IL7), includes the cost of providing a battery float ($BTYF) to
support the deployed sets in a peacetime environment, and the cost of
maintaining a battery reserve ($BTYR) for a wartime emergency. The battery
float cost, equation (15), is based on the number of sets deployed, hours
of operation per day/peacetime (HOP), cost per battery (C$B), the battery
life in hours (BTYL), and the number of available or operating man-days
per year (DAY) (normally 260), and the number of months of peacetime
stockage required (BTYSP). The battery reserve cost, equation (16) is
similarly dependent as the battery float cost except the time of operation
is for wartime (HOW) and the number of months stockage (BTYSW) is differ-
ent,

$ISB = $BTYF + $BTYR (1)

$BTYF = QBM x PD x HOP x DAY x BTYSP x C$3B (15)
12 x BIIL
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$BTYR = QBM x PD x HOW x DAY x BRYSW x C$B (16)
12 x BTYL

(¢) Initial Stockage of Repair Parts - There are two methods
available for computing the cost of the initial stockage of repair parts
($RPC). The first method equation (17) assumes that all repsir work
(replaczinent of parts, models), etc) is done at one level of maintenance.
This method is dependent on the average cost per failure ($F) and the
tiic roquired to setup the supply pipeline to the appiopriate maintenance
level (PSSI), This method will seldom be encountered with s.ngle channel
tactical radios.

$RPC = QB x PD x PSSI x C$F x HOW/MTBF (17)

The second method, equation (20), considers that the equipment will be
made up of replaceable modules or boards containing hybrids and/or parts,
with the replacement and repair of these hybrids being accomplished at a
depot level, The replacement of tie modules or boards occur at a lower
level of maintenance. The modules/boards repair parts costs ($HPC),
equation (19), are similar to equation (17). PS2 is the time required to
setup the supply pipeline to the appropriate maintenarnce level, where the
modules would bs stocked, PS3 is the time required to tool up and restock
parts at the depot, AMC is the average module cost, and APC is the average
part/hybrid cost when AMC and APC are a percentage of the AUC,

$MPC = HOW x QB x ™ x PS2 X AMC x AUC/MTRBF (18)
$HPC = HOW x QB x PD x PS3 . APC x AUC/MTBF (19)
$RFC = $MPC + $HPC (20)

(1) Support Equipment - The support equipment cost ($SE) is a
lump sum input cost of the peculiar and common test syuipments necessary
to support the equipment/system in the field.

(5) Auwdliary Equipment - The auxiliary equipment cost ($AUX) is
a lump sum input cost of any government furnished equipment (GFE) neces-

sary to complete the end item or set such as pack irames, handsets,
mikez, etc.

(6) First Destination Transportation - The total Jirst destination
cost is the sum of transportaiion costs for shipping the hardware, attri-
tion items, auxiliary items, support equipment and initial spares and

repair parts., It is usually calculated as 1.5% of the cost of each ele-
ment.

(7) Initial Training - The initial training ($ITNET) is a lump sum
input,

(8) Engineering Changes - T™e total enginsering change as shown in
equation n§I§ 1s caicuizteg as 2% of the total unit cost plus 2% of the
attritior. cost.
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$EC = ($TUC + $ATC) x .02 (21)

(9) System Test and Evaluation - The system test and evaluation
cost ($RSTE) is the sum of the contract cost ($RSTEC) and the in house
cost ($RSTEH). Both are lump sum inputs.,

(10) Total Systems Management - The total systems menagement cost
($IRTSM) is a lump sum input.

d, Operating Cost - As shown in equation (22), the operating cost
($0CTCT) is the sum of pay and allowances ($ANPAY), replacement training
($RIC), and depot overhaul ($TDOC) plus the consumption ($CONC), inte-
grated logistics support ($ILSC), and transportation ($TRANS).

$OCTOT = SANPAY + $RTC + $TDOC + $CONC + $ILSC + $TRANS (22)

(1) Pay and Allowances - The annual pay and allowances cost,
equation (20), consists of pay and allowances for operators of the equip-
ment ($ANOP) and maintenance personne? ($ANME), The $ANOP is calculated
by multiplying the number of operators (NOP) required by the annual pay
and allowance for the operator's grade level ($OPAY).

$ANOP = NOP x $OPAY (23)

The $ANME is calvila*ed by multiplying the cost per active maintenance
man hour (AMH$) by .hne total annual maintemance hours (AMMH) required,
equation (25). The AMMH is dependent on the MTBF, mean-time-to-repair
(MTTR), and the hours of operation per year and number of equipments de-
ployed, equation (2).

AMMH = HOP x QB x PD x DAY x MTTR/MTBF . f2L)
$ANME = AMMH x AMHS (25)
SANPAY = ($ANOP + $ANME) x NRY3 (26)

(2) Replacemer: Training - The replacarent training cost ($RIC)
for operators and mainienance are dependent upon the associated turnover
rates (TR), number of personnel required, and the course costs. The
course cost (C$C) is a lump sum input. The $RTC, equation (27), is the
sum of operator replacement training cost ($ORT) and the mechanic replace-
ment training cost ($MRT).

$RTC = ($ORT + SMRT) x NRY3 (27)
where $ORT - . P x TR x C$C (28)
$MRT = TR(M) x C$C(M) x NME (27)
and NME = AMMH/172C (30)
15
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(3) Consumption - The consumption can be computed by two methoc's.
The first method computes the consumpt..on as a certain percentage of the
hardware cost for the first year, and a second percentage for the remain-
ing years as shown in equation (31).

$CONC = (.10 + ,05 (NYRS-1) x $HC ' (31)

The second method computes the covt as the sum of the repair parts con-
sumption ($ANRPC) and ihe battery consumption (fANRAT).

$ANBAT = HOF « DAY x QBM x PD x C$B/BTYL (32)
$ANRPC = HOP x DAY x QB x FD x APC x AUC/MTBF (33)
BCONC = ($ANBAT + $ANRPC) x NYHS (34)

(L) Integrated lLogistics Support - (NRLI) plus tie sam of the con-
sumption costs ?$GONC5, initial repair parts ($RPC) and initial battery
stockage ($ISB) times the integrated logistics support factor (FILS) plus
the product of the end item floats cost ($ISE) times the number of years

(NRYS) times the general storage cost factor (GSCF),

$ILSC = ($INTRO + $LYRC + (NRYS -1) x $RC) x NRLI + ($CONC +
$ISB + $RPC) x FILS + ($ISE x NRYS x GSCF) (35)

At present the integrated logistics support factor is between 23% and
33% and the general Storage cost factor is 1%,

(5) Depot Overhaul - The depot overhaul cost per unit per year can
be computed from

.881
$D0C = (0.809) (DOR) (AUC) (36)
where DOR = depot overhaul rate = 1/MTHRO (mean-time-botvean-overhauls)
$TDOC = IOC x QB x PD x NYRS (37)

(5) Transportation - The transportation cost ($TRANS) is calculated
as 1.5% of the Total Unit Cost (TUC) of the deployed sets.

16
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MODEL VARIABLES
The following variables are used in the Life Cycle Model (* Indicates
the variable is an input.)
L ALH ;\xrage module/board cost given as a percentage of the
AMMH Annual maintenance hours
*AMHS$ Cost per active maiuntenance man-hour
#APC Average part/hybrid cost given as & percertage of the
AUC

®ATR Annual attrition rate
AUC Average unit cost
AR Average units failing
*BTYL Battery life
#BTYSP Required peacetime battery stockage level
#BTYSW Required wartime hattery stockage level
CAF Cumulative average factor
CAFQ Cumulative average Zactor for Q units
*C$p Average cost per battery
c$C Replacement training course cost
*CSF Average cost per failure
*C$U Average cost per \.nit for ti> lst Q units
*DAY Mumber of availsble or operating man-days per year
*I0R Depot overhaul rate
*EAC Bquipment availability constant
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*¥FDC
*FILS

*HOP

*How

%OPAY

*PD
*PFI

*PS1

*PS51

2

Firet destination transportation factor

Integrated 1ogistics support factor

General storage cost factor

Hours of operation per day/peacetime

Hours of operation per day/vartime

Mean-time-between-failures

Meun-time-to-repair, not including logistics time

Number of operators
Number of line items supported
Length of the operator course in weeks

Length of the maintenance course in weeks

Number of years
Operator pay

Percentage deployed

Initial provisioning factor

Period required to set up supply pipeline to lowest
support level vhere floats are stockad)at onset of
vartime emergency

Period required to set up pipeline to the lowest
maintenance level vhere modules are stocked

Period required to set Up tooling and restock paris
at the depot

Period required to get up pipeline to the lovest
appropriate maintenance level for the percentage method

Number 2f sets the C$U is based on
Quantity bought

18
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*QEM Quantity of manpacks bought
#MAND Quentity required to complete the AAO at the start
RSA Number of sets loet due to attrition
*TRO Turnover rate, Operator
*TRM Turnover rate, maintenance personnel
UFA Units to assure availability a given percent of time
$ANBAT  Annual battery consumption cost
$ANE  Annua) maintenance personnel cost
$ANOP  Annual operator cost, pry and aliowances
$ANPAY  Annual operating coet, personnel
$ANRPC  Annual repair parts cost
$ATC Attrition cost
*AUX  Awriliary items cost, investment recurring
$BTYC Battery cost, initial issue
$BTYF  Baitery float cost
$BTYR  Battery reserve cost
$CONC  Consumption cost
$p0C Depot overhsul cost per unit
$2C Engineering changes, investment recurring
10 Pirst destination transportation cost
$¥ICH  $FDC, hardware
&CS  $IDG fnitial spares and repair parts
19
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$ILsC
#$INDAT
*$INTFPF
$INITR
*$INTOL
*$INTRO
*$INTSM

*$TRTSM
$1SB
$ISE
$ISRPC
*$TTNET

TRIRIEET

Hardware cost

Hybrid/parts cost, initial stockage

Total investment nonrecurring cost

Integrated logistics support cost

Data, investment nonrecurring

Initial production facilities, investment nonrecurring
Instructor training, investment nonrecurring

Tooling, inveatment nonrecurring

Introduction cost, integrated logistice support

Total system management, investment nonrecurring
Total investment recurrirg cost

Total system management, investment recurring

Initial spare batteries cost

Initial spare equipment cost

Initial spares and repair parts cost

Initial training costs, investment recurring
Instructor training, contract, investment nonrecurring

Instructor training, in house, investment nonrecurring

Module parts cost, initial stockage
Replacement training cost, maintenance rersonnel

Major supporting components cost

Total operating cost

Replacement trair ng cost, operator

Data, R&D

Engineering, RAD

20
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#$RIPKP Producidility engineering and planning, R&D
*$RIPF Prototype fabricution, R&D
*$RISTE System test and evaluation, R&D
$ROT Training, R&D
*$RDTC Training, contract, R&D
*$RDTH Training, in-house, R&D
$RDTOT R4D total cost
#$RDTSM Total system management, R&D ‘
#$RC Recurring coet, integrated logistics support
$RPC Repair parts cost, initial stockage
$RSTE System test and evaluation cost, investment recurring i
*$RSTEC System test and evuluation cost, contract, investment
recurring
*$RSTEH System test and evaluation cost, in-house, investment
recurring
$R1C Total replacemsnt training cost
*§s2 Support equipment cost, investment recurring
$TDOC Total depot overhsul cost
$TRANG Transportation cost of shipping equipment to depot
for overhaul
$TUC Total unit cost
*41 YR8 First year cost, integrated logistics suport
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APPENDIX D

THE LEARNING CURVE

The definition of the Learning or Experience Curve is as the total quan-
tity of units produced doubles, the cost or man=hcurs required to produce
the last unit of this double quantity will be reduced by a constant per-
centage. Stated mathematically if Y(x) is the cost of the xth unit pro-
duced and Y(2x) is the cost of the las% Snit of the doubled quaniity, then
the ratio of ¢(x)/Y(2x) is a constant. T Some factors which contribute
to the decline of the unit cost as cumulative producticn increases are
familarivy with the job due to repetition, development of more efficient
tools, machines or procedures, and lower cost of materials due to increased
demand. However, it should be remembtered that there is some point in
production beyond which there is no more reduction in cost. This is the
point where the unit cost is equal to the cost of the labor and materials
(plus burden). The cessation of cost reductionc is at the indeterminant
point where productivity can no longer be increased or a given production
process reaches a point where marginal cost is equal to marginal revenue.
The purpose of this appendix is to explain the use of the learning curve
in computing the average unit cost (AUC) and the total unit cost (TUC).
Four methods of computation are discussed and two of the methods are ex-
plained by relating the statistical approach to integral calculus.

It was found from analysis of empirical data that the learning curve
could be represented by equation 1 where Y is the cost per unit,_A 33 the
cost of the first unit, and X is the cumulativ. units prodncecl.('r’8 B
is the exponent of thc sclope where the slope in percent is equal to 2B x
100 as shewn in equation 2. For any slope less than 1008 B will always
be negative and can be computed for any learning curve from equation 3.

Y = AxB (1)

% slope = 2B x 100% (2)

B =1 (slope percent x 107°%), (3)
In 2

Equation 1 plots on an arithmetic graph as a hyperbolic curve and on a
logarithmic (log-1og) graph as a straight line (see figures D-1 and D-2).
It is very difficult to forecast or extrapolate a hyperbolic curve and an
arithmetic curve lacks the capability of adequately portraying extended
numbers of units on the ¥ w.xiis: therefore, the straight-line log-log
curve is used extensively for the methods discussed.

T. US Amy Electronics Command, "Army Programs Basic Techniques of the
Learning Curve", ECOM 11-5, Volume 3, 25 June 1971.

8. US Army Missile Cormand, "The Experience Curve Table", Volume I & 17,
Redstone Arsenal, Alabama, September 19€2,
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SUMMATION METHOD

The ratio of Y/A = xB is called the unit factor and it is the ratio of
the coxt for the xth unit to the cost of the first unit. The total unit
cost (TUC) of n units can be obtained by using the learning curve. The
TUC is simply the sum of all the Y's from x = a (first unit of the lot)
to x = b (last unit of the lot) where b =n + a - 1 and is stated mathe-
matically as :
b b B :
W = = ¥x) = = AX (1)
X = a X = 3
Factoring the constant A from the summation gives
b
C = A = XP
X = a

(5)

b
The factor,éEXB is called the cumulative total factor (CTF) and it is

x=a
the sum of all the unit factors up to and including tre unit factor for
the nth unit.

By dividing the CTF by n as in equation 6 we get the cumulative average
factor

B

b
CAF = CTF = = X (6)
X=

n a

This CAF is used in the model to calculate the averag: unit cost_(AUC)
which in turn is used to compute the total unit cost ~quation 8).

AUC = A x CAF (7)
TUC = AUC x QB (8)

where QB is in quantity of equipments bought.

"EXPERJENCE CURVE TABLES" METHQD

The method of using the CAF or the CTF gives the mecst accurate results of
the four methods. The computer sub-routine of the model is able to compute
the CAF fast and accurately but this task would take an enormgQus amount

of time o do by hand for a sizable lot. Redstone Arsenal (7) has develdped
"The Experience Curve Tables" to simplify hand computations. The tables
consist of four columns for each slope ranging from 7% to 99%. The first
column consists ¢f the cumulative units (n% up to 5000; the second colurn:
contains the cumuiative total factors (CTF); the third colums contains the
cumulative average factors (CAF); and the fourth column containc the unit
factors.

7. US Army Missile Command, "The Experience Curve Table", Volume I & II,
Redstone Arsenal, Alabama, September 1962, .
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The tables also give extension factors for LK-LOK units; however, exper-
ience has shown that the LCC model must in some instances handle quantities
greater than LOK which make the tables unusable. The methods to be dis-
cussed can be done completely by hand using a slide rule, log tables or a
desk calculator. The two methods are fairly rapid and reasonably accurate.

INTEGRATION METHOD

Since each point on the curve in figure 2 represents a unit cost for a
particular unit n within the interval a<n=<=b, the total unit cost (TUC),
as previously stated, can be obtained by summing all the points on the
curve for a<n<b as

b b
TUC = = Y(x) = =X f(x) (9)
X=a x=a

where f(x) = AX and is continuous and single valued in the interval {(a,b).

Let us take the function y = f(x) and divide this interval (a,b) into n
sub-intervals by n-1 civision peints Xy, Xp, X35 eeey X1 (figure 3) where
8<X] € Xy eeee <Xy 1< b, For convenience of notation let x, = a and
Xp=b. Let € n denote any point in or at the end of the k¥ sub-interval
(x: _7 %) where k is any one of the numbers 1,2,3,....n so that x o, = fie
¥, fof each value of k from 1 to n. Let 4y, denote the length ofthe kth
interval so that Axk = X - X1,

Forming the sum we get
Spo= £(5) 8%+ £ () Px, v s (F)2x.  (10)
Which can be notated as

M>

k=1

Since limit S, exists as n -» wo and each © xy -+ 0 and the limit is the 81.1116
for all modes of subdivision of the interval (a,b) then by definition( J of
the definite integral of f(x) we get

n b
Un S £ (F)8: [ £ (x)ax . (12)
n-00 k=l kK a

Let us now take the interval (a,b) and divide it into n sub-intervals & %
(k = 1,2,J,...n) anc on each sub-interval & x_ select an arbitrary point

% x as shown in figure L. Using each sub-intérvals®x, as a base, construct
a rectargle with altlitude f (?k . The sum of these rectangles is repre-
sented by

n
S o = (F) 2% (13)

8. Smail, L. L., "Calculus", New Yorx: Appletun-Century -Crofts, Inc, 1949,
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Since the total unit cost is the summation of all the points on the
curve in an interval of Ax; then if Ax, = 1 the cost per unit must be
equal to f (%k) and the total unit cost is then

e = = £ (&) (1)
kel kX
we = & axP ' ' (15)
=1
where k=1 = a and n = b-a +1
Substituting into equation 12
bl
TUC = (f(x)dx (16)
l/
a

, .
where b = b +AX and a/ = a D),

From analysis it was found that by using a AX/

.5 gives the best

results.
Therefore,
b+.5
TUC = f f(x) & -j £(x)ax. (17)
dw,

a’
Substituting and integrating we get

b = b + .5
TUC = Ax B} |

- S (18)
B+l

jal-a‘.s

Equation 18 can be used to cohputa a reasonably accurate TUC for any

lot size where a is the first unit of the lot and b is the last unit
of the lot. ‘

Therefore, the AUC can be found from equation 17

AUC = TUC whenn *b-a+1 (19)
n
27
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ALGEBRAIC LOT MIDPOINT METHOD

Another method of computing the total unit cost is to use the algebraic
lot midpoint. This concept states that there is a unit in the lot which
has the prorerty of yielding the total lot cost when %“he cost of this
unit is multiplied by the number of units in the lot. The actual cost
of this unit may differ from the average cost., Mathematically, this
method is related to the Mean-Value Theorem for Integrals. This theorem
states that if f(x) is continuous in an interval (a,b), then there exists
a number £ such that

b
5 f(x)ax = ¢ (§ ) (b-a) (20)
a

where asuﬁ*ﬁ‘b. The algebraj.c midpoint can be computed {rom (6,7)

-1

L(1+B) B
XK = (1+B) (1-B) (21)
b -8

Where K » algebraic midpoint

o

= last unit of the lot +.5
a = first unit of the lot -.5
I, = lot size, n = b-a+l
B = exponent of the slops,
Using cthe midpuint the TUC can be computed as
Y(K) = AKB, (22)

TUC = ¥(k) x (b-asl) (23)

‘were b-a+l = n. Therasforu the AUC can be found by equation 24.

AUC s TUC (2k)
n

€. US Army Electronics Command, "Army Programs Basic Techniques of the
Learning Curve", ECOM 11-5, Volume 3, 25 June 1971

7. US Army Missile Command, "The Experience Curve Table", Vol., 1 & II,
Redstone Arsenal, Alabama, September 1562,
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When there ic a computer program available, the methods of using the
cumulative total factor (CTF) or cumulative average factor (CA.F% are
the most accurate. However, the last two methods can be done by hand
computation and they will give relatively fast and accurate results,

il s

o vebs s -




A TR T

f e i

BER < Yo Ryovsmc

SRR L P INT My 0 3oBl0 MO M 141712 3. ot S Y S 43 o A ) ORI S e T D B A | 2R e AT I RSN AR,

APPENDIX E

FLOATS FOR A GIVEN PROBABILITY OF OUTAGE

The computation for providing sufficient floats so that a given pro-
bability exists that the spares will be sufficient to cozes the average
number of failures is based on the method in TM 38-715-1\9), Provision-
ing Techniques. (The cost of initial provisioning is often estimated
by using a percentage of the yearly procurement. However, to cost
initial provisioning in this manner does not reflect the advantage of
increased reliability of the equipment and would provide excessive
spares outage protection.) Therefore:

UFA = AUF + A VAUF (1)

Where UFA = float to assure availability to a given percent of the
time,

AUF = average number of spares required in the supply cycle.

AUF = HOW x PS1 x QB x PD 2= MTBF (2)
vhere

HOW = hours of operation per day/wartime to direct support
level at onset of wartime emergency

PSI = Period required to set up the supply pipeline
QB = Quantity of units to satisfy the requirememnt
PD = Percentage of units deployed

MIBF = mean-time-between-failures

The factor A /AUF determines the additional number of Spares re-
quired to gLarantes a specific safety factor (SF), e.g., 85 percent.

The number of floais required to assure that there will be no float -
outage with a confidence of a safety factor can be calculated using
the binominal distribution. The number of spares would be chosen in
order that the probability of «UFA failures will be < SF/100 as shown
in equation 3.

UFA QB JFA QB-UFA
> P i <510 (3)
Z

IFA = 0

9. TM 38-715-1, "Provisioning Techniques", US Army, October 1965,
3
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where p = probability that one set failes, a set failure occurring at
random
p = HOW x PS1 = MTBF,

If n is large and p is small the Poisson distribution closely approxi-
mates the binominal distribution. The Poisson distribution is

(UFA) = _UFA - X
’ A« ()

UFA!L

where p (UFA) = probability that exactly UFA spares are required.

A = AUF

and the standard deviation
6 =[N = AU

Therefore, A is the number of standard deviations above the mean that

will provide a given safety factor SF that the number of failures will
not exceed the nunber of spares.

The normal distribution is also a close approximation of the binominal
distribulion provided n is large and neither p nor q ic close to zero.
Beyona an expectation of 100 events, the provisioning of floats is (10)
based on a normal curve with the variance equal to the mean. Therefore

P(X£b) = Fo) = D () - (5)

where b = L + Ao - A+ AYio

By substitution we get
P(Xau+he) = Q@A) =sF (6)

Solving for A ior various SF we get,

Protection Level,% A
75 0,67
85 1.04
95 1.6
99 2.3

10, Krayszig, E., "Advanced Engineering Mathematics", New York: John
Wiley & Soms, Inc,, 1962,
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APPENDIX F

LCC MODEL AND OUTPUT

Tue Life Cycle Cost Model program is written in FORTRAN for the Burroughs
B5700 FORTRAN Campiler. The program is divided into three major sections-
Input, Internal and Qutput.

The Internal and Output sections are stored on tape and the Input secticn
is on cards. (Both the tape and cards are necessary for the program to
run.) Putting the input section on cards gives the user an easy method
of providing the different input data for each LCC analysis that is made.

The program is capable of computing the LCC of up to nine separate equip-
ments plus computing the totals from each N separate equipments into a
camposite. All the input data necessary for the program tc run is entered
in the input section except for the names of each equipment. These names
are supplied as separate data cards and inserted after the card "DATA
CARDS" at the end of the deck.

The program calculates all cost elements for the N (N {s equal to or less
than 9) equipments considered and stores the costs in arrays. When all

costs are computed for the N equipments an output is generated in the
format shown {n Figure F-1.

The CHK option provides the user with a detailed listing of all the cost
elements and input variables necessary to compute these elements as shown

in Figure F-2.

When the program is run for current equipment which is considered to be
fully fielded only the Attrition element of the Investnent Recurring
category and the Operating Cost category will be outputted with a note
to that effect.

¥For each output the program generates a Work Breakdown Structure Table
(as discussed in Appendix A) as shown in Figure F-2 and a listing of the
input data.

The program has the capability of doing an immediate svnsitivity analysis
of the cost based on the variation of the MIBF by + 30 percent of the
given MTHF.

The program {s avajilable {rom the Cambat Radio Systems Team, Net Radio
Technical Area, Communications/AIF laboratory.
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FIGURE F-3
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